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PROCESS FLOW FOR DUAL DAMESCENE 
INTERCONNECT STRUCTURES 



Fin n OF THE INVENTION 

The invention is generally related to the field of forming interconnect 
structures in a semiconductor device and more specifically to a dual damascene 
process flow for forming interconnect structures. 

, 0 PAPlfflRnUNDOFTHF INVENTION 

As the density of semiconductor devices increases, the demands on 
interconnect layers for connecting the semiconductor devices to each other ■. too 

15 interconnects to copper interconnects. Unfortunately, suitable copper etches o 
semiconductor fabrication environment are no. readily available. To overcome the 
copper etch problem, damascene processes have been developed. 

, n a damascene process, the IMD is formed first. The IMO is then patterned 
20 and etched to form a trench for the interconnect iine. If connection viae have no 
already been formed, a dual damascene process may be used In a d a, 
damascene process, after me trench is formed in the IMD, a via is etched ,n the ILD 
for connectionto lower interconnect levels. The barrier ^14 and a coppered 
,ayer are then deposed over the structure. The barrier layer 14 is «yp,ca y tan^lum 
25 nitride or some other binary transifion metal nitride. The copper layer ■ t e formed 
using the seed layer over the entire structure. The copper is then chem,cally- 
mec anica,,ypo,ished(C M Pd),oremove,hecopper,romover,he,M D 6 l^ng 

copper interconnect lines 18 and vias 20 as shown in FIG. 1. A meta, etch ,s 

thereby avoided. 
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Further improvements in interconnect performance are desired. Accordingly 
efforts are being made to ind.de low, die.ec.nc materials in a capper interconnect 
structure. 

SUMMARY OF T HF INVENTION 

The invention is a dual damascene process flow for forming interconnect 

low . k materia, such as a .hermose. organic polymer ,s used for h OT« MD 
may compose the same material, another .ow-K materia,, or a shghtly h,gher-k 
material After the at least partial via etch, a BARC is deposited over the 

a, leas, some of the BARC material is removed during the trench etch, the 
15 bottom of the via is protected. 

An advantage of the invention is proving a dual damascene process flow 

compatible with a !ow-k material. 

This and otter advantages will be apparent to those of ordinary skill in the 
art having reference to the speciflcata in conjunction with the drawings. 
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RRIFF DESCRIPTI™ ™= THF DRAWINGS 



In the drawings: 

5 FIG. 1 is a cross-sectional diagram of a prior art dual damascene interconnect 
structure; 

FIGs. 2A-2K are cross-sectional diagrams of a dual damascene process flow 
according to a first embodiment of the invention; 
FIGs. 3A-3B are cross-sectional diagrams of a dual damascene process flow 
10 according to a second embodiment of the invention; 

FIGs. 4A-4B are cross-sectional diagrams of a dual damascene process flow 
according to a third embodiment of the invention; and 
FIG. 5 is a cross-section diagram of a test structure. 
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nETtll Fn nESCP 'PTinN OF THE FMBODIMENTS, 

The invention will now be described in conjunction with a copper 
,n»erconnec«hermose. organic polymer dielectric dual damascene process flow. 
It will be apparent to those of ordinal skill in the art that the beneffis of the 
invention are applicable to other dual damascene process flows including those 
for metals other than copper and dielectrics other than thermoset organ.c 
polymers. 

A first embodiment of the invention is described in conjunction with FIG. 
2A-2K A semiconductor body 1 00 is processed through the formation of a f.rst 
interconnect level 102. First interconnect level 102 may in fact be Metal 1 or t 
may be any metal interconnect level other than the upper most interconnect 
,ayer A passivation layer 104 is formed over first interconnect level 102. In the 
preferred embodiment passivation layer 104 comprises silicon nitride. Alternate 
materials for passivation layer 1 04 include, but are not limited to, SiC or variants 
wtth SiN, such as SiN:C. For example. BloK™ from Applied Materials may be 
used. 

ILD m is deposited over passivation layer 104. ILD 106 preferably 
comprises a low-k material such as an organic polymer. In the preferred 
embodiment, ILD 106 comprises SiLK™. SiLK™ is a thermoset organic polymer 
manufactured by Dow Chemical Company. SiLK™ has attractive matenate 
properties for IMOILD applications, including a dielectric constant of k = 2.65, as 
measured by MOS capacitors, high thermal stability (Td > 450" C), and a giass 
transition temperature that is at or above the maximum SiLK™ curing 
temperature. SiLK™ includes aromatic functional groups and oxygen atoms. 
Characterization of SiLK™ films by FT-.R spectroscopy does no, reveal highly 
polarizable functionalities such as carbonyl groups. 
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If SiLK™ is used, it may be deposited by spin coating and furnace 
annealing. A thickness nonuniformity of less than 5% (1a). To improve the 
adhesion of SiLK™ to silicon dioxide and silicon nitride, an adhesion promoter 
5 may be spun-on the wafer prior to SiLK™ deposition. The adhesion promoter 
may be comprised of silicon, oxygen, carbon, and hydrogen atoms. The 
adhesion promoter may have a thickness on the order of 100A. 

A shelf layer 108 is formed over ILD 106 followed by deposition of IMD 
10 1 1.0. The composition of shelf layer 108 is such that IMD 110 may be etched 
selectively with respect to shelf layer 108. A selectivity on the order of 20:1 or 
greater is desirable. IMD 1 10 may also comprise a low-k material such as an 
organic polymer. Alternatively, IMD 110 may comprise a slightly higher-k 
dielectric material (higher than ILD 106 but still less than or equal to that of 
15 silicon dioxide). In the preferred embodiment, IMD 110 comprises SiLK™. If 
SiLK™ is used for IMD 1 10 and ILD 106, silicon dioxide may be used for shelf 
layer 108. 

In order to pattern and etch a via, a hardmask 1 12 is formed over IMD 
20 110. Then, a via pattern 1 14 is formed over hardmask 112. Via pattern 114 
typically comprises a resist material. The thickness desired depends on the 
thickness of ILD 106, IMD 1 10 and the various etch selectivities. For example, 
the thickness may be on the order of 6600A for a iLD thickness of 3900A, a 
hardmask thickness of 1550A and a IMD thickness of 3900A. 



25 



Next, the hardmask 1 12 is opened in the areas exposed by via pattern 
114, as shown in FIG. 2B. An etch chemistry with good selectivity between the 
hardmask 112 and both the resist pattern 112 and the IMD 110 material is 
desired. For example, a Ar/CF^/CarVI^ chemistry may be used. 
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Referring to FIG. 2C, a partial via 1 16 is etched through IMD 110. If 
SiLK™ is used, the etch chemistry can comprise N2/C2H4/O2. At least 
approximately 1:1 selectivity between the resist pattern 1 12 and IMD 1 10 
material is desired. 2:1 or greater is preferred. 

5 

The shelf layer 108 is then opened in via 1 16 as shown in FIG. 2D. An 
Ar/CF 4 /02/C 2 H4/N2 etch chemistry may be used for this etch. Finally, the via 116 
is etched through ILD 106, as shown in FIG. 2E. For this etch, a good selectivity 
between the ILD 106 material and both passivation layer 102 and hardmask 112 
10 is desired. Selectivity against etching hardmask 1 12 is desired because at this 
point most and maybe all of the resist pattern 1 12 may have been removed. 
Accordingly, a N 2 /0 2 / C 2 H 4 , (where HC is a hydrocarbon) etch chemistry may be 
used. 

15 Referring to FIG. 2F, a layer of BARC (bottom antireflective coating) 120 

is deposited over the structure, including in vias 1 16. A trench pattern 1 12 is 
then formed. FIG. 2F shows a slight mis-alignment of trench pattern 1 12 to 
illustrate the invention's tolerance for mis-alignment errors. BARC layer 120 
comprises a material compatible with photolithography for forming trench pattern 

20 112 and that preferably etches somewhat slower than the low-k material of ILD 
106 and etches significantly faster during the subsequent trench etch than 
passivation layer 104. BARC layer 120 has a thickness on the order of 800A 
over IMD 110. The thickness of B ARC layer 120 within via 1 16 is significantly 
thicker. The thickness of BARC layer 1 20 is determined by etch selectivities, via 

25 aspect ratio, and ILD 1 06 thickness. It is desired to have some portion of the 
BARC layer 120 remain in via 116 after the subsequent trench etch. The portion 
of BARC layer 120 within via 1 16 must withstand the subsequent BARC etch, 
hardmask etch, and IMD etch. 
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Referring to FIG. 2G, the BARC layer 120 and hardmask 112 are etched 
using pattern 122. As an example, a gas chemistry of Ar/0 2 may be used for the 
BARC layer 120 and a Ar/CO/CF 4 /C 4 F8 etch chemistry may be used to open the 
hardmask. 

Referring to FIG. 2H, a trench 124 is etched in IMD 1 10. A N 2 /0 2 /C 2 H 4 
chemistry may be used. BARC 1 20 protects the bottom of via 1 1 6 during this 
etch. The trench etch has a selectivity of approximately 30:1 between the IMD 
110 and the passivation layer 104. Passivation layer 104 cannot withstand the 
) entire trench etch process. However, if all BARC material is removed during the 
trench etch, passivation layer 1 04 offers some limited protection of the bottom of 
the via 116. 

Preferably, after the trench etch, some BARC material remains with in via 
5 116 protecting the bottom of via 1 1 6. The remaining BARC material 1 20 is 
removed as shown in FIG. 21. Then, passivation layer 104 is etched at the 
bottom of via 1 1 6 exposing a portion of the metal in interconnect layer 1 02. 

Finally, the desired barrier layers and copper fill are formed and CMP'd 
0 back to form second interconnect layer 126, as shown in FIG. 2K. For example, 
a TaN barrier may be deposited in trench 1 24 and via 1 1 6 followed by a copper 
seed layer. Using an electroplating process, the copper fill layer is formed. Then, 
the copper is chemically-mechanically polished untii it is planar with the top of 
IMD 1 10 or hardmask 112. The above process may then be repeated to form 
25 additional metal interconnect layers. 

A second embodiment of the invention is described in conjunction with 
FIGs. 3A-3B. Semiconductor body 100 is processed as in the first embodiment 
through the partial via etch shown in FIG. 2C. This approach is a half-via first 
30 approach. After half the via 116 is etched (e.g., through the IMD 110), the BARC 
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layer 120 is deposited and the trench pattern 122 is formed, as shown in FIG. 
3A. The hardmask 1 12 may be etched using a Ar/CF^CVCyV^ chemistry and 
the via 1 16 in SiLK™ IMD 1 10 may be etched using a N 2 /0 2 /HC chemistry. 

5 With trench pattern 122 in place, the shelf oxide 108 is opened up. The 

etch chemistry will also remove any BARC 120 material in via 116 prior to 
opening up the shelf oxide 108. 

Next, the trench 124 is etched in IMD 110. Because, the shelf layer 108 
10 was previously removed in via 1 1 6, portions of ILD 1 06 are exposed to this etch. 
Thus, via 1 16 is extended through ILD 106, as shown in FIG. 3B. The desired 
barrier and copper material are then deposited and CMP'd to form second 
interconnect layer 126 as shown in FIG. 2K. 

15 A third embodiment of the invention is described in conjunction with FIGs. 

4A-4B. Semiconductor body 100 is processed as in the first embodiment through 
the opening of the shelf layer shown in FIG. 2D. This approach is also a half-via 
first approach. After half the via 1 1 6 is etched (e.g:, through the IMD 110) and 
the shelf layer 108 in via 1 16 is removed, the BARC layer 120 is deposited and 

20 the trench pattern 122 is formed, as shown in FIG. 4A. The hardmask 1 12 may 
be etched using a Ar/CF 4 /0 2 /C 2 H4/N 2 chemistry and the via 1 16 in SiLK™ IMD 
1 10 may be etched using a N 2 /0 2 / C 2 H 4 chemistry. A chemistry comprising Ar/0 2 
may be used to open up the shelf layer 108. 

25 Next, the trench 124 is etched in IMD 1 10. A N 2 /0 2 /HCchemistry may be 

used. The BARC material 120 in via 1 16 at the beginning of this etch delays the 
etching of via 116 into ILD 106. Via 116 is still extended through ILD 106 by the 
end of this etch, as shown in FIG. 4B. However, the delay caused by BARC 
material 120 prevent punchthrough of the passivation layer 102 at the bottom of 
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via 116. The desired barrier and copper material are then deposited and CMP'd 
to form second interconnect layer 126 as shown in FIG. 2K. 

While this invention has been described with reference to illustrative 
embodiments, this description is not intended to be construed in a limiting sense. 
Various modifications and combinations of the illustrative embodiments, as well 
as other embodiments of the invention, will be apparent to persons skilled in the 
art upon reference to the description. It is therefore intended that the appended 
claims encompass any such modifications or embodiments. 



